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The purpose of this study was to design a unit an 
percent for adult reiedial students based on the principles of 
Piaget'3 theory and to evaluate the » ff ectivsness of the unit as a 
means of improving one characteristic of formal operations, the 
ability to use porportion. The subjects consisted of 89 undergraduate 
remaaial aatheaatics students at a branch of the City aniversity of 
New fork- Eesults indicate that there seeas to be a relationship 
between learning percent and improving the ability to use 
proportions, iioreover, it would seeo that an instructional unit can 
be developed which implements some of the heuristic principles of 
Piaget's theory and which simultaneously improves one charactferistic 
of formal operations and develops basic mathematical principles- In 
addition, it appears that Piaaet's theory can be successfully applied 
to the instruction of adult remedial students and that this theory 
can ha implemented ia an actual classroom situation involving 
instructors of remedial mathematics courses. (Author/UK) 
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Flaget's viork represents a comprehensive study of the evolution of 
thinking In children and adolescents. Kis theory of Intellectual develop- 
ment describes the progressive construction^ of operational structures from 
birth to maturity, where the highest levels of logical thinking ^sre 
characteristic of the formal aerations period. In ot:;der for an Individ- 
ual to have reached this stage, he must have passed through the previous 
phases of logical thinking In his development. Thus, PI aget's theory of 
Intelligence may be considered a model for the development of the intelli- 
gent human adult. However, cel'tain studies (Abercomble, 1^0; McKlnnen 
and Renner, 1971. 197^; Griffiths, IW; Griffiths, 1973) have suggested 
that many adults do not reach the formal operations level., Mor«>ver, 
research has offered relatively little In terms of how to nurture and . 
enhance a person's ability to' use formal logical thinking skills. Plaget 
himself does not provide a systematic application of his theory to educa- 
tion and despite the huge amount of Plaglatlan-related research and the 
outstanding progress made In developing a framework of genetic epistomology 
based on his theory, a great deal more work Is needed In terms of classroom 
applications of Plaget's theory at the adolescent and adult, levels (Van 
Engen, 1971) 

Much of PI aget's research has Involved the study of the development 
of mathematical concepts. Since his theory seeks to explain how mental 
operations basic to mathematical thought develop, mathematicians and 
mathematics educators are especially Interested In his v^rk. Many studies 
concerning the mathematical development of young children have been con- 
ducted, but relatively little work has been done for secondary school 
youths or adults (Dessert and Frandsen, 197^) i even though the logical 



skUU of the formal (derations period can be correlated wfth the basic 
mathematical competencies associated with secondary sch^l and remedial^, 
mathematics curricula. For exiunple, the ability to operate with opera- 
tions and to form relations with relations are Involved In mathematlcat 
proportionality and other related problems. The niastery of percent 
Involves the ability to use and understand proportions, a logical think- 
ing skill. Moreover, Piaget's group of four operations or the INRC 
group (Identity, negation, reciprocal, correlate) occurs In all. problems 
of proportionality. However, the results of the 1973 National Assessment 
of Educational Progress (NAEP) in Mathematics found that students per- 
formed badly In exercises about or using percent. The most recent finding 
of the National Assessment of Education Progress (NAEP) indicated a 
conthiued difflclency In problem solving and other skills applications. 
Thus, there appears to be a clearly defined need to In^rove logical 
thinking skills on the part of adolescents and young adults, ^k>reover, 

the rise In the need for remedial mathematics courses In colleges across 

% 

the country Indicates further a need to improve mathanatical cc^etencles 
and logical thinking skills on the part of adults. 

Data gathered from diverse Piagetlan training studies have shown 
that an improvement in performance may be expected where training is 
provided for those who would be near a particular stage of development 
(Bellln, 1971). Since adults should be at or near the formal operations 
level, training should lead to an improvement cf a formal operations 
characteristic. Thus, given the correlation between the logical skills of 
the formal operations period and mathematical competencies, especially 
In terms of the relationship of percent to proportions, it would seem 



possibly to Incorporate Into an Instructional unit the development of 
the ability to work with percent and the Improvmnent of a logical 
thinking skill, 

Althoush the attention directed towards Pldget*s th^ry has been In 
terms of the development of cognitive processes In children, the theory, 
nevertheless, is ^n explanation of the predecessors of adult knowledge. 
Within this context, all Individuals must pass through the same sequence 
of stages of development In order to achieve the characteristics 
Identifying the final period of development, formal operations, or adult 
levels of logical thinking. Since the theory Is explicitly developmental 
Its principles would seem applicable to an Instructional unit for adults 
geared toward the Improvement of a logical thinking skill as well as the 
mastery of certain mathematical concepts. 
Statement of the Problem 

The purpose of this study was to design a unit on percent for ^dult 
remedial students based on the principles of Plaget's theory and to 
evaluate' the effectiveness of the Unit as a means of Improving one charac 
terlstic of formal operations, the ability to use pr^ortlon. 

^tore specifically, the Investigator sought to answer the following 
questions: 

1. Did significant differences exist between the experimental and 
control groups In the mastery of the cognitive objectives generally 
prescribed for a unit on percent for adult remedial mathematics 
students as measured by the scores on the Unit tests? 

2. Old significant differences exist between the experimental and 
control groups In the ability to use proportions as measured by 
the scores on pretest and posttest on proportions? 



SU&IECTS, MATERIALS AND PROCEDURES 
Subjects 

The subjects for this study consisted of 89 undergraduate remedial 

mathematics students at a hranch of the Ctty University of itew York. The 
majority of students were freshmen, 20-24 years of age, enrolled In the 
first undergraduate remedial mathematics course offered by the mathematics 
department of the college. The course was^ a one credit course, meeting 
five hours per week for approximately fifteen weeks, designed for enterlrig 
college students who had been determined by the college to be In need of 
mathematics remediation. Criteria for this determination was: * 

1. they had not completed elementary algebra In high school; or 

2. they had been out of high school for a considerable length 
of time and voluntarily elected to begin with that course; or 

3. they had completed elementary algebra In high school but went 
back to this course after doing poorly In a more advanced course.- 

> Six sections of the coursesywlth a total registration of 123 students 

constituted the sample for the, study. Three sections served as the experi- 
mental group. The sections of this group were detennined by the Instructors' 
willingness to participate In the ej^eriment. The control group consisted 
of three other randomly selected sections of the course. Of the Initial , 
123 students In the sanple.SS were actually used by the investigator as 
subjects for the study. Only students who had taken both the pretests and 
posttests and who were pot absent for more than one class session on percent 
were Included in the final group. Thus, there were kB students in the final 
experimental group and ^1 students in the fin.il control group. 
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Th« materials used in this study were: the Unit on Percent, the 
Unit test and pretest on percent and the pretest and posttest on the 
ability to use proportions. 
Unit on Percent 

The Unit on Percent developeJ by the investigator consisted of five 
sections! a general reviwK of^Plaget's theory In relation to forma! 
operations; proportionality and the ?NRC group; explication of Plaget's 
theory in relation to the specific techniques developed for teaching 
percent; a Teacher's Guide; and student vforksheets. The Unit on Percent 
was specifically designed not only to provide teachers with an instruc- 
tional guide but also to provide an explanation of the theoretical 
principles Involved In the Unit's developiMnt of the concept of percent. 
The student worksheets, devised by the Investigator, were intended to 
help students in the experimental group review the Ideas presented In 
each section of the instructional unit. 

In order to develop the Unit, the Investigator conducted an extensive 
review of the literature concerning Plaget's theory and Its applications 
to teaching as well as a revi^ of available ren^dlal mathematics currlc 
ulurn. Based on this review, the techniques en^Ioyed In teaching the 
concept of percent Involved: a sequential development beginning with 
concrete Ideas defined through examples; the use of initial problems 
which required students to raise questions or predict outcomes and Inter- 
act with one another and the teacher; an explanation, presented by the 
teacher, of the reasoning employed In examining evidence presented by 
problems and In considering alternative strategies for their solution. 
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A dtsttngulshlng character!sttc of the tnstructlonai unit was ths Initial 
USA of one-to-one corresj^ndence. In terms of the part to whole relatfon- 
ships, to solve specific percent problems and Introduce the use of . 
proportions. ln addition, since research (Abramowltz, 1975) has susgested 
that success on proportionality tasks are correlated to an understanding 
of fractions, the Unit on Percent Included a detailed analysis of equsl 
fractions, thus enabling students to better understand and use propor- 
tions In solving percent problems. 

The Unit was subjected to Initial trial and evaluation by means of 
a pilot study. In addition, after the pilot study, the Unit was sent 
to a Jury of Experts, concerning the content and validation of the Unit. 
Given the nature of the Unit, the Individuals evaluating the materials 
had to be knowledgable In Plaget's theory, mathematics, remedial math- 
ematics for adults, and mathematics education. Since a single Individual 
cannot be thoroughly Informed In all these areas, the Jury of Experts was 
chosen by the Investigator so that each Individual had expertise In at 
least two of the areas cited. In order to facilitate the task of the 
Jury of Experts, a questionnaire was prepared by the Investigator. All 
of the responses received validated the Unit. . ' 

Pretests and Posttests 

The Unit test was a comprehensive test on percent designed by the ' 
Investigator to measure the cognitive objectives generally prescribed 
for a Unit on Percent for adult remedial students. An analagous form 
of the Unit test constituted the pretest on percent. The pretest and 
posttest on the ability to use proportions was a revised version of the 
tests developed by Lovell and Butterworth (1966) concerning the ability 
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to handU metrtc proportions. Wrtttcfi pcnnfsston from Or» lovetl for this 
fttvlston and h!s «v«luatlon of tho r«vts«d;pr«tcst and postUst wore 
obtained. Thesa tests were also validated by the Jury of Experts. 

The rellabnity of the testing Instruments were found using the split- 
\ half method. (r(75) - .9^, p^.01 for the tests on percent and r(75) ■ .97, 
J p <.0I for the tests on proportion.) 

Procedures 

The procedures utilized In this study Involved a pilot f>\uiy, a field 
experiment and a statistical analysis. 
Pilot Study 

In order to subject the Unit on Percent and the testing Instruments 
to Initial trial and evaluation, a pilot study was conducted by the Investi- 
gator at a branch of the City University of ftew York. The subjects used 
for the pilot study were 20 undergraduate students In qn elementary mathe- 
matics education class. These students had been tested In basic mathematical 
skills by the Instructor of the class and had been found to be In need of 
mathematics remediation especially In the area of percent. 

The results of the pilot study supported the effectiveness of the Unit 
on Percent In terms of the mastery of percent and the Improvement of the 

t 

ability to use proportions. This Initial trial also suggested some re- 
visions In the Teacher's Guide and student worksheets which were incorpor- 
ated Into the final Unit on Percent. 

Field Experiment 

1 

The final validated Unit on Percent was tested In three sections of 
ihe first remedial mathematics course offered at a branch of the City 
University of New York. All Instructors of the course were Informed by 
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thft lnvftttl9«tor of th« n«tur« and purpose of tht «xp«r{iMftt. Thrtt 
Instructors wen* will Ins to !mpl«iwnt the Unit on Psrctnt dovel^od by 
the fnvesttgator tn their classrcoms. The classes of these Insttiictors 
constituted the experimental group for this investigation. After the 
experimental classes were chosen, three other sections of the course 
were randomly selected from those sections of the course whose Instructors 
did not wish to teach the Unit on Percent devel^ed by the Investigator. 
These three classes constituted the control group for this study. 

All the classes In the experimental group met In the morning. Two 
classes In the control group met In the morning and one In the afternoon. 
The Instructors of the experimental classes consisted of one female and 
two male teachers, 23 to 27' years of age. Two of the Instructors had 
taught the course more than once and each had at least one year of teaching 
experience on the college level. The Instructors of the control group 
were all males. 25 to 38 years of age. Two of the instructors had taught 
the course more than once and each had at least two years of teaching 
experience on the college level. 

The Instructors of the experimental classes^ attended teacher training 
sessions conducted by the Investigator once a week for three v^ks prior 
to the beginning of classes. Prior to the first training session, these 
teachers were provided with the Unit on Percent. The teacher-tVainIng 
sessions were Intended to acquaint the Instructors with the theoretical 
framework of the Unit and to explain and denonstrate the implementation 
of the teacher* s guide. The instructors also demonstrated the lessons In 
the Unit by means of classroom simulations so as to maintain as little 
variation as possible In the actual Instruction of the Unit by the teachers. 

in 
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At tfm Ust tralntns «ti*icm Mch •xp«rlm«nt«l Initructor wtf sfvm 
i«ff!ct«tt copfi of th. preust *nd attest c« prcnt, pr.te.t post- 
UK on th. ability to um proportlonj. and .ach of th. four student work- 
iheets. The procedures for adiBinistfrlng these tests were exptafned and 
any final questions «ere answered. At the s«ne time, each Instructor of 
the control classes received sufficient copies of the pretest and posttest 
on percent and the pretest and posttest on the ability to use proportions 
alon^ with a written explWlon of the a<ta,lnIstratlon of these tests. 

The Unit on Percent developed by the Investigator was*" linp I «nen ted. In 
the experlnnsntal classes during the same week that the octroi classes 
were beginning the Unit on Percent as presented In the course curriculum. 
The Instructors of both the experimental and control classes devoted five 
class lectures to Instruction In the Unit on Percent with their classes. 
In the experimental classes, student worksheets were distributed as 
hon«work assignments to the students at the end of each lecture, which 
completed the lessons In the teacher's guide. Part of each subsequent 
lecture was devoted to answering student questions concerning problems on 
the worksheet. 

The Investigator observed two class sessions of each experimental 
and control class during. the I«^1ementatIon of the Unit on Percent.. Given 
the differences In the scheduling of classes, both groups appeared to pro- 
ceed at the same pace. The observed experimental class sessions were 
adhering to the teacher's guide developed by the Investigator. The Unit 
on Percent for both the experimental and control groups was completed ( 
within the same week. 
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Tf» prtUst on psremt «nd th% abtlfty to its* ^foportloht lot aitotti- 
Utered to both the experimental and control groups at the class session" 
ttnmedtately preceedtng the Instruction of the Unit on Percent. Each test 
took 25 minutes to administer. The experimental and control s'^^s took 
the posttest on percent and the ability to use proportions durlns the 
class session Immediately following conipletlon of the Instruction of the 
Unit on Percent. Each test took 25 minutes to administer. The Investigator 
hand scored the pretests and posttests of the experimental and control 
groups according to the number of Items answered correctly on each test. 
Statistical Procedures 

The statistical procedures utilized In this Investigation consisted 
of three parts 1) comparison of pretest scores for experimental and 
control group 2) comparison of posttest scores for the experimental and 
control groups and 3) comparison of pretest and posttests scores for the 
experimental and control groups, resp^Dctlvely. 

The pretest scores on percent and the ability to use proportions were 
con^ared by means of the Independent t^-test. This comparison of pretest 
scores was mad : to assure that the experl>T«ntal and control san^les repre- 
sented the same population for esch measure. 

In order to determine If significant differences existed between the 
experimental and control groups In the ability to ^se proportions and In 
the mastery -of percent, the posttest scores on percent and the ability to 
use proportions were compared by means of the Independent t.-test. 

The pretest and posttest scores on percent and the ability to use 
proportions In the experimental and control groups respectively were com- 
pared by a correlated data t,-test In order to determine In which direction 
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the change tn scores occured In each group. Thft correUted data t,-test ts 
the analagous form of the analysts of covarlance for two groups «^ich Is 
the statistical method suggested by Canpbell and Stanley (1968. p. ^3) for 
3 modified Solomon's design, the research design used for. this study. 
Or. Fred iStrelt, visiting professor for research at Rutgers University, 
was consulted concerning the most appropriate method of statistical analysis ■ 
for this study. Upon his advise the statistical procedures as previously 
stated were adopted by the investigator. The actual data analysis was also 
performed fay Dr. 5treit. 

Results and Discussion 

Results 

Comparison of -pretest scoresvon percent and the ability to use propor- 
tions using the Independent t.-test Vhowed the group means for the e^tperlmental 
and control groups not to be significant, .t^(89) » .013; t^(89) « .077, p^.Ol.. 
The experimental and control groups were therefore determined to be con^ar- 
able on these Vtio measures. * 

Con^arlson of posttest scores on percent using the independent t^-test 
shoAfed significant differences between the experimental and control groups 
at the .001 level of confidence (t(83) « 4.08, p^.OOl). These determined 
differences favored the experimental group, it was therefore determined 
that the experimental group who used the Unit on Percent developed by the * 
investigator scored higher on the posttest on percent than did the control 
group. The same comparison of posttest scores on the ability to use pro- 
portions showed significant differences betwisen the experimental and control 
groups at the ,004 level of confidence (t(89) » 2,93. p^^.CO^). these 
differences again favored the experimental group. It was therefore concluded 




that the «xperfmeritai group scored higher or the postteit on the ablUty 
to use proportions than did the control group. 

Since the comparison of posttest scores on percent and the ability to 
use proportions between the experimental and control grcHips indicated 
significant differences, the comparison of pretest and posttest scores 
on the two measure, for each group, experin«ntal and control, was made to 
determine the direction in which the change had occurred In each group. 
The pretest and posttest scores for the experimental group on percent and 
the ability to use proportions, r-^pectively, were con^ared by means of 
the t-test for correlated data. The investigator dcterailned that there 
were significant differences between pretest and posttest scores (t(89)« 
12.156. pi^.001; t(89) - 7.887. p^.OOl). These differences favored the 
posttest scores. The investigator therefore concluded that the experimental 
group scored significantly higher on the posttest on percent and the ability 
to use proportions than this group had scored on the pretests of these 
measures, using the same analysis for the control group, significant 
differences were found between the pretest and posttest scores (t (89).9.004, 
p^.OOl; t(89)-M2l. p^.OOl). Again, the differences favored the post-, 
test scores. The investigator therefore concluded that the. control group 
scored significantly higher on the posttest on percent and the ability to 
use proportions than this group had scored on the pretests of these measures. 
The com^"3rison of posttest scores between the experhnental and control groups, 
however. Indicated that the experimental grou(, showed a significantly greater 
gain from pretest to posttest than did the controi group. 
Conclusions ^ 

On the basis of the findings, the following conclusions were made by the 
Investigator: 
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U Th« •xperlmental group usln$ the Unit on Percent scomd stgnifr- 
cantly h!sher than the control group on the posttest on percent. 
2. The experfmental group using the Unit on Percent scored sfgnffl- 
centSy higher than the control group on the posttest the ability 
to use proportions. 
Discussion 

The study has all the limitations attendant upon volunteer instructors 
an4 the lack of absolute control of all extran«>us variables. Nonetheless, 
given the limitations of the study there vwuld seem to be a relationship 
between learning percent and In^jrovlng the ability to use proportions. 
Moreover, it would seem that an instructional unit can be developed which 
impleraenns some of the heuristic principles of Plaget's theory and which 
simultaneously in^roves one characteristic of fonnai operations and develops 
basic mathematical principles. In addition, it appears that Plaget's 
theory can be successfully applied to the mathematics instruction of adult 
remedial students and that this theory can be in^lenwnted In an actual 
cl ass rooip situation Involving instructors of remedial mathematics courses.. 

Significance Is indicated as the study addresses several areas of 
concern. A review of the literature shows little evidence that any theoret- 
ical framework or learning theory has been considered as a basis for develop 
ing alternative teaching techniques for adult remedial students even though 
remedial mathematics has become a necessary component of high school and 
college curricula. Research also offers very little In terms of. ways to 
nurture and enhance a person's ability to use formal logical thinking skills 
while the most recent results of the National Assessment of Educational 
Progress In Mathematics clearly indicates the need to improve such skills. 
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